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phase. Among the Ti alloys that contain this element, the Ti-10Mo alloy
is of particular importance. If this alloy is produced using selective laser
melting (SLM), it will be an approach that is user-friendly due to the
nature of the process.

Methods: Samples were printed by SLM process. The constituent phases
were determined by XRD. The microstructure was evaluated using
optical and scanning electron microscopes. Corrosion behavior was
evaluated by cyclic potentiodynamic polarization and electrochemical
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Findings: In the XRD pattern of pure Ti powder and printed sample, o
and o/a’ phases are seen, respectively. However, Ti-10Mo powder
mixture consists of a and Mo phases, the B phase is more dominant in
printed sample because of the Mo penetration in the Ti matrix. As well
as, in the microstructure of TilOMo the beta phase is seen as Mo-rich
streaks, whereas in pure Ti it is found relatively negligible as epitaxially
grown primary columnar 3 grains with acicular o' martensite phase. Mo
addition to pure Ti reduces its passive current density and stabilize oxide
film. However, Ti-10Mo alloy, with its various phases and galvanic
couples, experiences rupture of the passive oxide film at higher
potentials, leading to pitting corrosion. The impedance module value of
= Ti-10Mo is higher than that of pure Ti. Both samples have a double
: passive oxide film, with Ti-10Mo alloy exhibiting higher resistance than
= pure Ti.
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Extended Abstract

Introduction

Titanium and its alloys, due to their high specific
strength, good biocompatibility, and acceptable
corrosion resistance, have been widely used in
various industries (1-3). Pure Ti is an allotrope
element; the allotropic transformation of Pure
titanium takes place at a temperature of 882 °C (4).
During this transformation, the  phase transforms
to hexagonal (HCP) a or o' phases. In the case of
slow solidification, the melt of pure titanium
crystallizes in the -phase, which transforms into the
a-phase upon further cooling. If the solidification
process occurs at a faster cooling rate, the phase
transformation from  into martensitic o' is to be
expected. Both o and martensitic o' have a
hexagonal crystal structure with very similar lattice
parameters (3-8). The SLM-formed microstructure
mainly consists of fine acicular o’ and, in some
areas, lath-type o'; in general, the existence of the
acicular o' martensite weakens the corrosion
resistance of SLM-produced alloys (9, 10). B-type
titanium alloys have been noted for their excellent
corrosion resistance. Molybdenum is one of the -
phase stabilizing elements in titanium alloys, which
is a non-toxic and biocompatible element, and the
minimum amount of Mo required for B-phase
stability in Ti-Mo alloys is reported to be 10%(11-
13). Zhao et al. studied how adding molybdenum
affects the microstructure and corrosion resistance
of annealed Ti-xMo cast alloys. Their findings
indicated that a higher molybdenum content
increases the  phase and enhances the corrosion
resistance of Ti-xMo alloys in HCI (14). In another
study, the impact of molybdenum addition on Ti-(8-
20) Mo alloys produced through powder metallurgy
was examined. This research compared the
corrosion resistance of CP-Ti, Ti-6Al-4V, and Ti-(8-
20) Mo. The findings revealed that with the addition
of molybdenum, the corrosion current density values
of Ti-Mo alloys decreased while their potential
increased (15). Alves et al. confirmed that the
corrosion behavior of Ti-10Mo alloy cast in
fluidized physiological serum is better than Ti-6Al-
4V alloy cast in the same environment, and the Ti-
Mo10 alloy shows a lower current density (16).
Titanium materials are manufactured by several
methods, such as casting, powder metallurgy, and
machining (17-19). The manufacturing of Ti-Mo
alloys by conventional powder metallurgy methods
is complicated due to the high melting point of Mo,
even though the diffusion coefficient of Mo in Ti is
high. Mo's melting point is 2623 °C, approximately
1000 °C higher than that of Ti (1668 °C); it is hard
to melt the Mo particles completely. Therefore, it is
challenging to produce Ti-xMo alloys with Mo
penetration and homogenization in the Ti matrix
(20, 21). Selective laser melting is one of the
material manufacturing technologies that can

produce a wide range of pure metals and alloys using
this method and in situ alloying (22). In selective
laser melting, due to the melting of Ti and the
embracing of the Mo particles, it is possible to
facilitate the uniform distribution of Mo in the Ti
matrix and to produce complex components through
this process (22-24). In this research, Ti and Ti-
10Mo samples were printed using selective laser
melting exactly under the same conditions and
parameters. Pure titanium was printed as a reference
part to investigate the effect of Mo in SLMed Ti-
10Mo alloy. The microstructure of two samples has
been investigated from the point of phase
homogenization and the effect of Mo addition on the
corrosion behavior of titanium alloy.

Materials and Methods

Pure Ti and Mo were used as starting powders for
selective laser melting. Samples were printed using
a SLM machine with a 100 W Nd-YAG laser in the
shape of a rectangular cube in 120 layers, each 25
pm thick, with each layer rotated by 67° from the
previous one. The laser power, scanning speed, and
hatch distance were set to 95 W, 600 mm/s, and
0.088 mm, respectively. Phase evaluation was
conducted using an XRD. SEM equipped with EDS
analysis and optical microscopy were used to study
the powder particle morphology and the
microstructure of the SLMed samples. The
corrosion behavior of printed pure Ti and Ti-10Mo
samples  was examined using cyclic
potentiodynamic polarization and electrochemical
impedance spectroscopy.

Findings and Discussion

XRD results of pure Ti as powder and printed
sample contained a and o/a' phases. Whereas, in
printed Ti-10Mo, some a peaks were removed, and
the B phase appeared due to Mo penetration.
Microstructural analysis revealed that, although no
B phase was detected in pure Ti XRD patterns,
columnar grains of the prior § phase were observed
in the sample's cross-section, which grew epitaxially
in the building direction with the o’ phase forming
within them due to the high cooling rate of selective
laser melting. The Ti-10Mo alloy cross-section
featured irregularly placed molten pools with visible
Mo dissolution in the form of white halos caused by
Marangoni currents, indicating Mo-rich B phase
presence.

Corrosion behavior analysis showed that the Ti-
10Mo alloy formed a stable passive oxide film, with
the cyclic potentiodynamic polarization curve
indicating a shift to lower corrosion current density,
separating the active and passive regions distinctly.
The passive current density remained stable until the
breakdown potential (Eb) of +7220 mV, was
attributed to Mo-rich haloes. Molybdenum's nobler
potential can act as a cathode, leading to selective
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pitting corrosion in adjacent anodic areas.
Conversely, the pure Ti sample's curve moved
directly from active to passive regions, with variable
passive current density during scanning.

Conclusion

However, by SLM of the pure Ti the beta phase
created, adding Mo to Ti powder and using the
mixed powder in that process would be more
effective in producing higher content of beta phase.
More beta phase in consequence of adding
molybdenum to pure titanium would be responsible
to reduce the passive current density and enhance
the stability of the oxide film in the Ti-10Mo alloy.
However, it would be more reliable to use Ti-10Mo
in the protection potential range from +900 to +5500
mV, which have been determined through cross
point in its polarization curves during the forward
and backward sweeps. Totally, SLM of mixed
powder would be an effective method to create beta
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phase, which improves corrosion resistance, at least
for producing Ti-10Mo alloy.
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